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ABSTRACT 


A  aeries  of  HE  Tests  was  planned  at  the  Nevada  Test  Site  pre-  * 
paratory  to  the  nuclear  explosions  in  Operation  JANGLE.  These  HE  shots 
were  designed  to  obtain,  under  similar  conditions,  data  to  be  used  as 
a  basis  for  making  predictions  concerning  the  phenomena  to  be  studied 
during  the  nuclear  explosions. 

<C^The  HE  program,  as  originally  conceived,  was  expanded  to  permit 
further  study  of  the  base  surge  and  crater  phenomena.^ 

<^Ten  HE  shots  (a  total  of  thirteen  explosions)  were  conducted  in 
theupper  Yucca  Flat  and  Frenchman  Flat  areas. 

^Practically  all  of  the  instrumentation  by  the  various  participat¬ 
ing  agencies  was  done  on  the  first  series  (IIE— 1  through  HE-4).  With  a 
few  minor  exceptions,  all  instrumentation  performed  in  a  satisfactory 
manner.,,— — > 


^Shot  HE-2  consisting  of  k 0,000  pounds  of  TNT  was  fired  with  the 
c.  g.  4.63  feet  below  the  surface.  There  was  a  high  order  of  detonation 
and  the  shot  was  completely  successful,  k  The  i^ill^wittg-Tnicrtxati ons  were 
noted  as  a  result  of  this  shot: 


a.  The  ground  acceleration  phenomenons! ails  at  a  different 
attenuation  factor  than  anticipatedxn  the  predictions  from 
Lamp  son’s  work.  This  factor  more  nearly  fits  a  square  function 
than  a  fourth  power  law. 

b.  There  is  good  agreement  between  the  HE-1  and  HE-2  results  and 
it  should  be  possible  to  extrapolate  from  HE  to  the  nuclear. 

c.  Air  blast  has  scaled  from  1  pound  of  TNT  to  the  large  HE  shots 
and  should  continue  to  tire  nuclear  range.  Air  pressure 
measurements  showed  a  true  blast  wave.  Considerable  under¬ 
ground  shock  can  be  anticipated  from  the  air  blast,, 

d.  The  various  methods  of  measurement  between  different  agencies 
were  in  excellent  agreement.  There  drould  be  no  question 
concerning  the  measurement  technique  on  the  nuclear  tests. 

Meteorological  data  was  c^tofully  recorded  for  each  shot  in  order 
to  study  the  base  surge  and  fail-out  phenomena.  Pie  pan  dust  collect¬ 
ors  were  used  on  some  of  the  drots  for  a  simplified  study  of  fall-out. 
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The  base  surge  formation  in  HE-7  was  so  slight  that  it  was  not 
considered  necessary  to  fire  additional  shots  to  confirm  the  curve  in 

Figure  1.1,  v 

It  was  tentatively  concluded  that  there  is  little  difference  in 
the  above  ground  activity  produced  by  TUT  and  Pentolite. 

It  is  certain  that  some  minimum  density  of  soil  is  required  in  the 
plume  in  order  to  produce  the  downward  sweep  of  dust  which,  at  ground 
level,  moves  outward  as  a  base  surge.  The  density  is  produced  by 
blowing  a  large  volume  of  earth  a  relatively  short  distance  up  into  the 
air.  The  closer  the  charge  to  the  surface  (smaller  values  of  Xc),  the 
smaller  the  crater  and  greater  the  height  of  plume,  hence,  lower  density 
and  less  base  surge  contribution. 

Inasmuch  as  the  phenomenology  is  so  complex  and  only  limited  HE 
tests  were  conducted,  it  is  very  difficult  to  come  to  any  clear-cut 
set  of  conclusions  to  use  us  a  basis  for  predicting  what  will  occur  in 
the  way  of  craters  and  base  surges  for  the  nuclear  shots.  However,  on 
the  basis  of  these  limited  tests,  the  follov/ing  guesses  are  made: 


a.  For  the  surface  nuclear  shot,  a  base  surge  appears  very  un¬ 
likely.  The  crater  radius  should  be  80-90  feet  while  the 
crater  depth  should  be  25-30  feet.  The  maximum  cloud  height 
should  be  12,000  feet. 

b.  For  the  underground  nuclear  shot,  there  will  be  a  considerable 
amount  of  throw-out  at  the  base  of  the  plume  which  may  be  mis¬ 
taken  for  a  base  surge.  The  probability  of  a  base  surge 
appears  small.  The  crater  radius  should  be  140-150  feet;  its 
depth  should  be  50-60  feet.  Maximum  cloud  height  should  be 
6,000  feet. 

Since  it  is  an  observed  fact  that  the  crater  diameter  is  a  readily 
scaled  parameter  for  ’inderground  TUT  explosions,  the  immediate  observa¬ 
tion  (photographic  or  otherwise)  of  the  underground  crater  diameter 
may  be  a  simple  and  reliable  method  for  determining  equivalent  THT 
mechanical  yield  of  the  nuclear  weapon. 

Of  course,  if  predictions  were  always  right  there  would  be  no  need 
for  experimental  programs  and  field  tests. 
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SECTION  1 

INTRODUCTION 


1.1  GENERAL 


A  series  of  large  scale  TNT  explosions  fired  by  the  Army  Corps  of 
Engineers  at  the  Dugway  Proving  Ground  has  indicated  that  a  base  surge 
formation  was  most  probable  atAc20^  ( Xc  =  depth  to  c.g.  divided  by 
T:,rV3  where  is  the  equivalent  TNT  weight  in  pounds)  and,  with  decreas¬ 
ing  values  of  \c ,  the  possibility  of  a  base  surge  decreased  so  that 
there  is  a  good  chance  of  no  base  surge  occurring  at\c0.17.  This  is 
shown  diagramatically  in  Figure  1.1. 

The  series  of  HE  tests  at  the  Nevada  Test  Site  v/as  designed  pri¬ 
marily  to  obtain,  under  similar  conditions,  data  to  be  used  as  a  basis 
for  maiding  predictions  concerning  the  phenomena  to  be  studied  during 
the  nuclear  tests  of  Operation  JANGLE. 

Originally  a  series  of  four  HE  explosions  v/as  planned.  However, 
before  this  series  v/as  completed,  it  v/as  decided  to  continue  the  tests 
with  a  second  series  with  particular  attention  to  the  study  of  craters 
and  base  surges  since  plans  called  for  the  underground  shot  to  be  fired 
at  Xc=  0.135  and  TUT  charges  H5-1  and  HE-2  in  the  first  series,  v/ith 
xc  =0.15,  had  not  produced  base  surges.  The  course  of  action  for  the 
second  series  of  shots  outlined  in  Table  1.1  was  developed  in  consulta¬ 
tion  v/ith  Dr.  Herbert  Scoville  Jr.,  AFSV.T,  Dr.  Pete  Swift,  NOL,  and 
CAFT  Frank  I.  '/inant,  USH,  SVJC. 

1.2  LAYOUT  OF  TESTS 

The  original  series  of  high  explosive  tests  (HE-1  through  HE-4) 
was  conducted  in  the  JANGLE  area  of  upper  Yucca  Flat  at  a  location 
midway  between  points  S  and  U.  The  second  series  of  tests  v/as  conduct¬ 
ed  in  Frencliman  Flat  about  one  idle  west  of  the  northern  half  of  the 
dry  lake.  Soil  conditions  appeared  to  be  similar  in  the  two  regions 
and  prl.ari ly  consisted  of  a  powdery  sand  mixed  with  some  gravel.  Hie 
Frenchman  Flat  site  had  a  greater  number  of  rocks  and  boulders. 
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SECTION  2- 


.1 


TIE  IE  SHOTS 


2.1  SHOT  IE-1  (Xc-0.15) 

This  shot  consisted  of  2560  pounds  of  TNT  with  the  center  of  gravi¬ 
ty  at  a  depth  of  2.01  feet  below  the  ground  surface.  It  was  fired  on 
25  August  at  0915  PST.  The  detonation  was  of  liigh  order  and  completely 
successful. 

During  the  period  immediately  following  the  explosion  the  surface 
wind  averaged  approximately  o  mph  from  II  (LC  E.  The  surface  temperature 
was  86.5°  F.  The  relative  humidity  at  the  ,J.r  Force  ’leather  Station, 

18  miles  from  the  site,  was  12  per  cent.  Immediately  following  the 
detonation  there  was  observed  a  throw-out  of  streamers  which  appeared 
to  travel  several  hundred  feet  radially  outward.  A  considerable  fall¬ 
out  of  dirt  occurred  in  the  immediate  vicinity  of  the  crater.  A  cloud 
of  dust  rose  to  a  height  of  approximately  1500  feet  and  drifted  in  a 
southwest  direction.  This  cloud  dissipated  within  15  minutes. 

Nith  a  few  minor  exceptions,  all  instrumentation  apparently  per¬ 
formed  in  a  satisfactory  manner.  Ground  acceleration  measurements 
appeared  to  run  from  2  to  20  times  the  values  predicted  from  theory. 

The  factor  increased  with  increasing  distance.  This  was  of  consider¬ 
able  interest  in  setting  gage  ranges  for  subsequent  rIE  and  nuclear 
shots.  This  information  was  also  of  interest  in  the  layout  of  Program 
Three  structures. 

2.2  SHOT  H5-2  (x„=0.15) 

This  charge  of  40, C00  pounds  of  Ti.T,  with  the  center  of  gravity 
4.63  feet  belov;  the  ground  surface  and  the  upper  edge  tangent  to  the 
earth  surface,  v/as  fired  at  09.10  PST  on  3  September  1951.  The  detona¬ 
tion  was  of  a  high  order  and  completely  successful.  A  considerable 
throw-out  was  observed.  A  number  of  streamers  appeared  to  travel  out 
on  trajectories  having  elevations  between  30°  and  45°.  The  majority 
of  the  throw-out  fell  within  500  feet  of  ground  zero.  A  large  cloud 
of  dust,  starting  with  a  500-foot  diameter  rose  to  an  estimated  height 
of  2,000  to  3,000  feet.  Inis  cloud  moved  slowly  north  and  was  ob¬ 
served  over  the  underground  site  one  hour  and  fifteen  minutes  after 
firing.  A  considerable  fall-out  occurred  in  the  immediate  vi  cinity  oi 
ground  zero  and  continued  along  the  path  of  the  cloud  movement.  A 
definite  darkening  of  the  ground  was  observed  cut  to  2,500  feet  in  a 

-  4  - 

RESTRICTED  DATA  SECRET 

ATOMIC  ENERGY  ACT  1346  SKWItJ  tafOfUltl« 


SECRET 

Startty  lafinutiM 
PROJECT  1(9) -3 
TABLE'  2.1 


Permanent  Displacements,  Shot  HE-1 


Radial 

Distance 

S  5CP  E 

N  80°  E 

S  85°  W 

■■BEK 

AR 

A  T 

AR 

AT 

AR 

AT 

AR 

28.00 

.34 

0.03 

0.21 

-0.12 

0.53 

0.15 

0.43 

0 

32.00 

.19 

0.06 

0.09 

-0.12 

0,42 

0.13 

0.29 

0.04 

36.00 

.18 

0.04 

0.02 

Ebh 

0.18 

0.15 

0.13 

0.09 

40-.00 

.15 

0.03 

0.01 

Kfai 

0il2 

0.17 

0.05 

0.10 

44.00 

.15 

0 

0.01 

-0.08 

0.09 

0.19 

0.02 

0.05 

48.00 

D 

D 

0.01 

-0.02 

0.09 

0.19 

0.04 

0.08 

52.00 

.20 

0 

-0.01 

-0.08 

0.04 

0.19 

-0.07 

0.09 

56.00 

.12 

0 

-0.01 

-0.06 

0 

0.24 

-0.11 

0.10 

60.00 

.10 

-0.01 

-0.02 

-0.05 

-0.02 

0.25 

-0.06 

0.07 

64.00 

.10 

0 

-0.03 

-0.05 

D 

D 

-0.06 

0.08 

68.00 

.11 

0 

-0.03 

— 0  #0/|. 

-0.01 

0.22 

-0.11 

0.12 

72.00 

.11 

0 

-0.02 

-0.04 

-0.03 

0.22 

-0.07 

0.07 

76.00 

.11 

0.02 

0 

— 0.04 

0 

0.22 

—0.08 

0.08 

80.00 

.10 

0.02 

0 

-0.03 

-0.02 

0.24 

-0.11 

0.09 

84.00 

.10 

0 

0 

-0.05 

-0.02 

0.26 

•  >10 

0.09 
_ 1 

f  A  R*  Radial  Displacements  -  Positive  in  direction  away  from  ground  zero 

in  feet.  A  T  =  Tangential  Displacements  -  Positive  is  left  of 
radial  line  in  feet.  D  =  Damaged  Stake. 

TABLE  2.2 


Crater  Data,  Shot  HE-1 


R 

S  40°  E 

N  40°  W 

S  50°  W 

H  50°  E 

Ea 

Er 

Ea 

Er 

Ea 

Er 

Ea 

Er 

0 

-6.8 

-7.6 

-7.6 

^5.8 

-7.6 

m 

-7.6 

3 

-5.4 

-6.5 

id 

-7.5 

-3.8 

-5.6 

1 

-6.0 

5 

-4.5 

-6.1 

Bkcis/ilii 

-7.0 

-2.8 

-4.8 

-5.7 

8 

-3.1 

-5.3 

-5.5 

-6.0 

-1.5 

-3.7 

-2.2 

-5.0 

10 

-3.0 

•  -4.5 

-3.5 

-5.7 

-1.3 

-3.5 

-1.6 

-4.7 

14 

-2.1 

-3.0 

-2.4 

-3.9 

-9.7 

-2.5 

-0.8 

-2.5 

18 

—0.6 

-1.5 

-0.5 

-2.5 

-0.1 

1.6 

-0.2 

-1.2 

20 

0.8 

-0.2 

1.9 

-1.8 

0 

3.1 

1.0 

-0.8 

21 

0 

2.5 

-0.7 

0 

3.7 

2.5 

—0.6 

23 

0.8 

0 

2.0 

— 0>  5 

0 

0 

2.0 

0.1 

25 

0 

0 

■SB 

-0.1 

0 

0 

1.2 

0.2 

29 

0 

0 

mm 

0 

0 

0 

0.2 

0 

R  =  Radial  distance  from  zero  in  feet.  Ea=Apparent  Crater  elevation  in 
feet.  Er  =Real  crater  elevation  in  feet. 
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northerly  direction.  A  crater  remained  which  had  a  diameter  of  approxi¬ 
mately  80  feet  and  a  depth  of  15  feet.  A  careful  excavation  was  made 
to  remove  the  fail-back  material,  however,  the  earth  shattered  to  such 
an  extent  that  no  good  data  could  be  obtained.  One  hard  spot  was  loca¬ 
ted  at  the  center  approximately  ll|  feet  below  the  level  of  the  appar¬ 
ent  crater. 

Information  on  winds  aloft  at  the  test  site  just  prior  and  after 
.the  detonation  is  given  in  Table  2.3. 


TABLE  2.3  . 

Wind  Data,  Shot  HE-2 


TIM 

2  -  0845 

Til®  -  0915 

wmm 

Wind  From 

Altitude  Above 
Ground  (Feet) 

Velocity 

mph 

Wind  From 

0 

5 

S 

0 

6 

so 

1300 

7 

s 

1000 

6 

S  20°  E 

4 

s 

2200 

4 

S  10°  E 

3600 

3 

s 

3400 

3 

S  20°  E 

9 

S  30°  E 

5600 

14 

S  40°  E 

5600 

12 

S  3C°  E 

7 

S  20°  E 

15 

S  45°  W 

The  surface  temperature  at  the  time  of  the  explosion  was  80.6°  F  and  the 
relative  humidity  was  14  per  cent. 


As  a  last  minute  attempt  to  obtain  some  crude  information  on  the 
close-in  fall-out,  36  pie  pans  were  distributed  around  the  target  area, 
information  frpm  the  pie  pans  as  well  as  the  observed  distance  of  the 
ground  discoloration  (carbon  fall-out)  is  given  in  Table  2.7. 

Instrumentation  performance  was  excellent  as  there  were  practically 
no  failures.  Performance  was  such  that  the  Naval  Ordnance  Laboratory 
and  the  Ballistic  Research  Laboratories  did  not  require  additional  tests 
(HE-3  and  HE-4)  prior  to  the  nuclear  shots.  The  Stanford  Research 
Institute  fully  instrumented  the  remaining  tests. 

I 

Results  are  reported  by  the  participating  agencies.  However,  some 
tentative  indications  follow: 


a.  The  ground  acceleration  phenomenon  falls  at  a  different  attenua¬ 
tion  factor  than  anticipated  in  the  predictions  from  Lamp  son1  s 
work.  This  factor  more  nearly  fits  a  square  function  than  a 
_ fourth  power  law. 

^  See  project  reports  of  the  Naval  Ordnance  Laboratory,  the  Ballistic 
Reseaich  Laboratories,  Stanford  Research  Institute,  and  the  David  Taylor 
Model  Basin  published  in  the  JANGLE  report  series. 
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,  TABLE  2.4 

Permanent  D3- placements 
(Hubs  bn  S  20°  W  Blast  Line) 
Shot  HE-2 


Radial  Distance 

Final  Position,  Post-Blast 

From  Zero,  Pre-Blast 

North 

East 

Elev  (  +  Up) 

59.09 

-1.03 

0.22 

0.38 

71.06 

-0.53 

-0.09 

0.28 

86.05 

-0.10 

0.29 

0.07 

102.67 

-0.08 

-0.40 

0.04 

123.20 

0.05 

0.14 

0.03 

147.61 

0.08 

0.08 

0.03 

177.86 

0.07 

0.05 

0.02 

217.03 

0.03 

0.05 

0.03 

262.17 

0.01 

-0.02 

0.03 

314.98 

0.01 

-0.04 

0.03 

378.25 

-0.02 

-0.10 

0.02 

b.  There  is  good  agreement  between  the  IE-1  and  HE-2  results  and 
it  should  be  possible  to  extrapolate  from  IE  to  the  nuclear. 

c.  Air  blast  has  scaled  from  1  pound  of  TOT  to  the  large  HE  shots 
and  should  continue  to  the  nuclear  range.  Air  pressure  measure¬ 
ments  showed  a  true  blast  wave.  Considerable  underground  shock 
can  be  anticipated  from  the  air  blast. 

d.  The  various  methods  of  measurement  between  different  agencies 
were  in  excellent  agreement.  There  should  be  no  question  con¬ 
cerning  the  measurement  technique  on  the  nuclear  tests. 

e.  HE-2  crater  contours  are  shown  in  Figure  2.1. 

2.3  SHOT  HE-A  (X„=-0.15) 

This  charge,  the  third  in  order  of  firing,  consisting  of  2560 
pounds  of  TOT,  was  fired  at  0940  PST  on  9  September  1951.  Its  center 
of  gravity  was  24s  inches  above  the  ground  surface  with  the  lower  edge 
tangent  to  the  earth  surface.  The  detonation  was  of  a  hi$i  order. 

A  cloud  of  dust  was  raised  from  the  earth's  surface  to  heights 
estimated  by  observers  to  be  between  1,000  and  1,500  feet.  This  cloud 
traveled  in  a  southerly  direction  and  was  dissipated  within  a  half  hour. 
The  prevailing  winds  which  have  been  observed  by  teat  personnel  in  this 
location  are  from  the  south.  On  two  occasions  the  wind  has  been  from 


RESTRICTED  DATA 

ATOMIC  ENERGY  ACT  19*6 


-  8  • 

SECRET 

hcarity  laloraitlj* 


Elevation  in  feet  ( +  up) , 


PROJECT  1(9) -3  Stcwity  lafonutiw 


nO 

02 

I 

ca 


CM 

I 

s 

-p 

O 


a 

c: 

Q) 

e 

<u 

o 

cd 

a 


1: 

<D 

C 

9 

c 


© 

a. 


o 

LA 

NO 

CO 

w 

<} 

m(M'Om44WOHHNOQQHrlN 

AJCAHHOOOOOOOOOOOOO 

ho  o’  o'  dddddocj>o3odo<j> 

Eh 

< 

LA  A!  A!  AJ  -4  CA  -4  CA  LA  vO  CM  H  -4  AJ  AJ  CA  -4 
OHOOOOOOOOOOOOOOO 

•  ••••••••••*«•••« 

ttS 

9 

LA  CM  LAsO  <  C- - 4  CA  LA  AJ  lO  LA'O  AJ  CO  CO  C- 

CJ"£1  CA  H  C  H  CM  <A  CA  -4  CA  CM  CM  CM  AJ  AJ  O 

«••••••«•  •••••<>•• 

HOOOOOOCj)O^Cj)^O^Cj) 

w 

o 

LA 

AJ 

CO 

<1 

CMCACAOC'-OOOHAJAJCACACACACMCA 

OCAHHOCOOOOOOOOOOO 

*....«*«..  ....... 

«ooooooocfcf!?o.?oo<f  ? 

Eh 

<3 

LA  H  LA  O'  A"  CA  CA  LA  LA  LA  LA  vO  LA  LAsO  LA  O' 
OOHOOOOOOOOOOOOOO 

CjJOOOOOOOOOOOOOOOO 

<1 

to  -4  A-  JA-  O'  CO  O'  AJ  AJ  CA  CA  CA  AJ  (\'4^0 
H-4OLA-4AJOOOOOOOOOOO 

................. 

^Hrtooooqooocjiocjicjioo 

w 

o 

LA 

vO 

2: 

w 

< 

4H«LAlAAI«rlOOrlQHNW^W 

C'CAOOOOOOOOOOOOOOO 

•  ••••••••••••••a* 

oooooooooo<j)o^ocf(j> 

Eh 

« 

O  O  O  CA  CM  CA  -4  CO  C0  A—  O'  H  O  CM  AJ  Q  -4 
OOOOOOOOOOOO  OOOH 
•  •••#*••♦♦••••••• 

OOOOCj)C^>>^)OCj)OCj)CpOOOOC^ 

CS 

< 

LA  AJ  <3  CA  LA  o  Al  (\I  A  A  O  O  LA  CO  -is  A-  O 

OHOO-JAIOOOHHHOOricjrl 

CMHOOOOOO^CjJOOOOOC 

w 

< 

lAlaH-4CM-4LACAHOQHOHA!HCM 

HlaaJhHOOOOOOOOOOOO 

#•••<*•••••••••••• 

rlOOOOOOOOCO(JOOO(jl(jl 

o 

l A 
02 

S 

AT 

-4  OC'-AJ'0'Or—|LA-4-4CAC'-CAAJCA  CA  AJ 

OHOOOOCO  o-o  o  o  o  o  o  o  o 

•  ••••••••«••«*•*• 

ooooooooooooooooo 

CCS 

<1 

0"0  O  a  4  A  AJ  o  O  O  4  LACJ  LA  N  LAO 
C-'OCO  lacAAJAJHHHOOOOOOH 

CMHOOOOOOOOOOOOOOO 

Radial 

Distance 

50.00 

60.00 

70.00 

60.00 

90.00 

100.00 

110.00 

120.00 

130.00 

140.00 

150.00 

160.00 

170.00 

180.00 

190.00 

200.00 

210.00 

RESTRICTED  DATA 

ATOMIC  ENERGY  act  (946 


-  10  - 


SECRET 

S*csrity  Inloraitioa 


A  R  -  Radial  Displacements  -  l-ositive  is  direction  avay  from  charge  in  feet. 
AT  =  Tangential  Displacements  -  Positive  is  to  left  of  radial  line  in  feet. 
AE  =  Vertical  Displacement s  -  Positive  is  up  in  feet. 
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Hind  Data,  0  to  11,010  Feet  Altitude,  Shot  HE~4a 


Altitude  b 

0930 

0950 

MSSiHi 

Wind 

Direction 

Wind 

Velocity 

0 

090 

15 

020 

___ 

1170 

020 

21 

020 

2310 

020 

24 

010 

14 

3450 

020 

21 

350 

10 

4560 

360 

15 

300 

15 

5670 

310 

16 

300 

19 

6700 

290 

17 

310 

21 

7830 

290 

21 

310 

22 

8910 

290 

23 

320 

16 

•9960 

300 

18 

350 

9 

•  11,010 

320 

10 

340 

9 

TABLE  2.9 

Wind  Data,  12,030  to  19,800  Feet  Altitude,  Shot  HE-4a 


Altitude13 

TIME  - 

0930 

TINE  - 

0950 

Wind0 

Direction 

Y&nd  d. 
Velocity 

Wind 

Direction 

Wind 

Velocity 

12,030 

330 

8 

340 

9 

13,020 

340 

13 

340 

9 

i  14,010 

340 

15 

350 

16 

15,000 

340 

26 

340 

23 

15,960 

340 

30 

16,920 

350 

25 

17,880 

350 

34 

18,840 

360 

34 

010 

30 

aThe  surface  temperature  at  the  time  of  the  explosion  was  84.2°  F  and 
.the  relative  humidity  was  12  per  cent. 

“Expressed  in  feet  above  ground  surface. 

^360°  =  N,  90°  =E. 

^Expressed  in  miles  per  hour. 
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the  north.  By  coincidence,  these  were  the  days  of  tests  HE-1  and  HE-4. 

Since  the  winds  were  gusty,  any  individual  set  of  observations  may  not 

give  a  completely  true  picture,  however,  some  readings  taken  just  prior  •* 

and  after  the  detonation  are  given  in  Tables  2.8  and  2.9. 

Some  aerial  diet  samples  were  collected  by  a  C-47  equipped  with 
Stanford  Research  Institute  filters.  Pie  pan  collectors  were  used  for 
ground  fall-out  measurements.  Results  are  given  in  Table  2.10.  There 
appears  to  be  no  consistency  in  these  measurements  and  this  may  be 
attributed  to  the  nature  of  the  wind  at  the  time  of  the  test  and  be¬ 
tween  the  time  of  the  test  and  collection. 

The  Stanford  Research  Institute  performed  all  .medium  instrumenta¬ 
tion.  Recording  was  100  per  cent  successful  with  the  exception  of  one 
air  pressure  gage  which  was  damaged  by  the  blast.  A  hasty  examination 
of  the  records  indicated  that  there  may  have  been  a  larger  coupling 
than  was  anticipated. 

TABLE  2.11 


Permanent  Displacements 
(Hubs  on  S  50°  W  Blast  Line) 
Shot  HE-4 


Radial  Distance 

Final 

Position,  Post-Blast  j 

From  Zero,  Pre-Blast 

North 

East 

If  H  i'll  III  11 

23.46 

O.Oo 

-0.14 

-0.04 

28.56 

0.03 

0.05 

-0.04 

33.93 

0 

0.02 

-0.06 

41.17 

0.02 

-0.08 

-0.06 

44.59 

0.03 

-0.06 

— 0.04 

59.06 

-0.01 

-0.01 

-0.06 

71.08 

-0.01 

0.10 

-0.05 

85.82 

0.02 

-0.03 

-0.05 

102.63 

0 

-0.02 

-0.03 

148. 32 

0.05 

-0.06 

-0.05 

2.4  SHOT  HB-3  (Xg  =0.5) 

Shot  HE-3  (the  fourth  in  order  of  firing)  was  a  charge  of  2560 
pounds  of  TNT  with  the  center  of  gravity  6  feet  9£  inches  below  ground 
surface  and  the  upper  edge  4  feet  9  inches  below  the  ground  surface. 

It  was  fired  at  0840  PST  on  15  Septenber  1951.  The  detonation  was  of 
a  high  order  and  completely  successful* 
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TABLE  2.13 

Crater  Data,  Shot  HE-4 


R 

BBS 

am 

E 

N  50°  E 

m 

BBS 

m 

■3 

S  40 

E 

Ea 

Er 

Ea 

Er 

Ea 

Er 

■ 

Ea 

Er 

0 

g 

0 

BH 

0 

-1.9 

bbb 

0 

-1.9 

-2.1 

2 

E9 

2 

-2.0 

2 

-1.9 

-2.0 

2 

-2.0 

-2.2 

.  5 

-0.1 

-1.5 

5 

-0.3 

-0.9 

5 

-0.2 

-1.1 

6 

-0.1 

—0.4 

8 

0.2 

0.2 

8 

0.2 

0 

7 

0.7 

0.4 

9 

0.2 

0.1 

25 

-0.1 

14 

0.3 

0.2 

27 

0.2 

31 

-0.2 

51 

-0.1 

30 

0.2 

47 

-0.7 

55 

0 

84 

-0.1 

* 

87 

0.4 

R 

S  5° 

W 

R 

S  SO0  tf 

R 

N  85°  V 

R 

R  40 

0  V 

Ea 

Er 

Ea 

Er 

Ea 

Er 

Ea 

Er 

0 

B 

-2.1 

0 

-1.9 

-2.1 

0 

1111 

-2.1 

0 

-2.1 

2 

|f!P 

-2.2 

2 

-1.8 

-1.9 

3 

-1.3 

2 

B§B 

-2.0 

6 

-0.2 

-1.2 

6 

—0.4 

-1.2 

5 

-0 .4 

—0.6 

6 

-0.3 

-1.3 

9 

0.2 

0.1 

8 

0.1 

-0.1 

8 

0.1 

-0.2 

7 

0 

-0.2 

24 

0 

22 

0.1 

28 

-0.1 

23 

-0.2 

61 

0 

56 

0 

50 

-0.2 

R  *  Radial  distance  in  feet. 

2a  -  Apparent  crater  elevation  ( +  up) 
Er  =  Real  crater  elevation  (  +  up) 
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Information  on  winds  aloft  at  the  test  site  just  prior  and  after 
the  detonation  of  KE-3  is  given  in  Table  2  >14.  . 

TABIE  2.14 

T/ind  Data,  Shot  HE-3a 


a  The  surface  temperature  at  the  time  of  the  explosion  was  76.4°  F  and 
the  relative  humidity  was  32  per  cent, 
b  Expressed  in  feet  above  ground  surface, 
e  360°  =  N,  90?  =  E. 
d  Expressed  in  miles  per  hour. 


A  considerable  throw-out  was  observed  as  the  result  of  shot  HE-3 
with  trajectories  "between  30°  and  45°.  The  majority  of  this  throw-out 
appeared  to  fall  within  a  few  hundred  feet  of  ground  zero.  A  crude 
examination  of  the  ground  around  point  zero  after  the  shot  gave  the 
large  p'article  count  per  s  ;uare  foot  as  shown  in  Table  2.15. 

A  number  of  rocks  fell  at  distances  greater  than  280  feet.  One 
rock,  approximately  1*  indies  in  diameter  and  weighing  114.9  grams, 
wa3  observed  to  fall  3,500  feet  from  ground  zero. 
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TABIE  2.15 


Large  Particle  Count  Around  Zero,  Shot  HE-3 


r - - ■ - 1 

Max.  Dimension 

Inside  70  ft 

70  ft-140  ft 

140  ft-210  ft 

210  ft-280  ft 

4  inches 

7 

1/10 

None 

None 

2  inches 

16 

2 

1/5 

1/10 

1  inch 

27 

6 

1 

1/5 

The  explosion  appeared  to  break  through  the  ground  in  a  manner 
similar  to  that  observed  for  the  previous  tests  (HE-1,  HE-2,  Dugway, 
etc.).  The  plume  rose  to  approximately  500  feet.  At  a  time  between 
10  and  20  seconds  after  the  explosion,  a  base  surge  formation  appeared 
through  the  throw-out  dust.  Initially,  this  base  surge  had  equal  di¬ 
mensions  around  the  zero  point,  however,  in  short  order  the  upwind  travel 
ceased  and  the  surge  moved  with  the  wind  in  a  southwest  direction.  The 
plume  almost  immediately  descended  into  the  surge  so  that  the  height  of 
the  dust  cloud  was  approximately  100  feet.  The  downwind  (leading  edge) 
of  the  base  surge  reached  the  2,000  foot  mark  50  seconds  after  the  deto¬ 
nation  and  reached  5,000  feet  2  minutes  and  20  seconds  after  the  zero 
time.  Between  one  and  two  minutes  after  the  detonation,  the  surge  ex¬ 
panded  so  that  the  top  was  roughly  at  500  feet  as  the  cloud  passed  the 
5,000  foot  mark.  Travel  in  a  direction  normal  to  the  direction  of  the 
wind  was  similar  on  both  radii.  By  the  time  the  surge  reached  the 
5,000  foot  mark,  the  "normal"  diameter  was  estimated  by  observers  to 
be  between  3,500  and  4,000  feet.  The  upwind  face  of  the  surge  followed 
the  cloud  movement  and  w as  estimated  to  be  approximately  750  feet  in 
the  direction  downwind  from  ground  zero  at  2  minutes  and  20  seconds 
after  zero  time.  The  base  surge  eventually  became  an  appreciably  sized 
cloud  of  dust.  It  was  500  feet  high  at  5  minutes  after  zero  time  and 
was  moving  in  the  southwest  direction.  It  was  observed  in  a  somewhat 
diffused  condition  30  minutes  after  the  blast. 

Some  samples  of  dust  were  collected  on  shot  HE-3  by  a  C-47  equip¬ 
ped  with  Stanford  Research  Institute  filters.  Eighty  four  pie  pan 
collectors,  such  as  those  used  for  shots  HE-2  and  HE-A,  were  used  for 
ground  fall-out  measurements.  Results  are  given  in  Table  2.16. 

The  Stanford  Research  Institute  performed  all  medium  instrumenta¬ 
tion  on  shot  EE-3. 
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TABLE  2.17 

Crater  Data,  Shot  IBS— 3 


R 

N  S5  E 

N  5(P  E 

S  8^  E 

S  40?  E 

Ea 

Er. 

Ea 

Er 

Ea 

Er 

Ea 

Er 

0 

-10.8 

-11.0 

10.8 

11.0 

10.8 

11.0 

10.8 

11.0 

3 

-10.8 

— 

-10.8 

— 

-10.9 

— 

-10.9 

— 

9 

-  8.0 

-  8.3 

— 

— 

— 

— 

— 

— 

13 

— 

— 

— 

-  5-5 

-  5.9 

— 

— 

15 

H 

— 

-  4.9 

-  5.6 

— 

— 

-  5.9 

-  6.3 

23 

1.0 

L.3 

0.7 

1.8 

1.4 

0.8 

-  0.3 

36 

0.1 

0.1 

0 

0 

0.1 

0.1 

0.1 

R 

S?5 

S  50 

o  v, 

N  85°  \'I 

N  4CP  ff 

Ea 

Er 

Bi 

Er 

Ea 

Er 

Ea 

Er 

0 

-10.8 

11.0 

-10.8 

-11.0 

-10.8 

-11.0 

-10.  S 

-11.0 

3 

-10.8 

— 

10.5 

— 

— 

— 

— 

9 

— 

— 

-  6.9 

-  7.6 

13 

— 

— 

-  6,1 

-  6.8 

— 

— 

— 

— 

15 

-  5.9 

-  6.5 

-  5.2 

-5.9 

-  5.5 

-  6.1 

23 

0.8 

-  1.2 

1.6 

-  0.3 

-  0.1 

0.5 

36 

0.1 

0.1 

— 

— 

0.1 

— 

R  r  Radial  Distance  From  Zero  In  Feet. 

Ea  t Apparent  Crater  Elevation  In  Feet. 
Er-  Real  Crater  Elevation  In.  Feet. 
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TABLE  2.18 

Permanent  Displacements 
(Hubs  on  S  90°  W  Blast  Line) 
Shot  HE-3 


Radial  Distance 

Final  Position,  Post-Blast 

From  Zero,  Pre-Blast 

North 

East 

28.70 

-1.59 

-0.56 

0.58 

34.04 

-0.02 

-0.3L 

0.12 

41.17 

-O.C1 

• 

-0.05 

0.07 

49.30 

0.01 

0.02 

0.03 

59.04 

-0.04 

0 

0.04 

71.17 

-0.02 

-0.09 

0.01 

85-53 

-0.07 

0.02 

0.01 

102.68' 

0 

-0.01 

-0.01 

148.13 

-0.05 

0.01 

0.01 

178.122 

0 

tD.01 

0 
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2.5  SHOT  HE^  (>»c=Q.3Q) 

Shot  HE-5  was  the  first  of  the  second  series  of  shots  since  only 
four  were  planned  originally.  The  first  four  shots  were  fired  in 
upper  Yucca  Flat  and  this  second  series  v/as  fired  in  French/nan  Flat. 

On  30  September  1951  at  0800  PST,  shot  HE-5,  consisting  of  2560 
pounds  of  TNT,  v/as  fired.  Observers  noted  a  considerable  throw-out 
of  streamers  in  the  initial  phases.  A  column  of  dust  estimated  to  be 
80  feet  in  diameter  rose  to  between  450  and  500  feet.  At  10  seconds 
after  the  detonation  a  base  surge  was  observed  to  form.  This  surge 
traveled  outward  reaching  a  500  feet  radius  in  30  seconds  and  a  750 
feet  radius  at  one  minute.  The  central  plume  appeared  to  form  one 
mammoth  cloud  of  dust  which  floated  away  with  the  wind. 

Camera  stations  were  placed  5,000  feet  east  and  5,000  feet  south 
of  the  center  point  of  the  explosion  area.  KE-5  v/as  fired  100  feet 
S  22°  E  of  the  center  of  the  explosion  area. 

Camera  targets  consisting  of  boards  8  feet  square  having  alter¬ 
nating  two  feet  s  mares  were  placed  on  lines  through  the  center  of  the 
explosion  area  and  at  ri^it  angles  to  the  line  of  camera  sigjit  as 
follows:  1,000  feet  northj  west  and  eastj  1,615  feet  south. 

Crater  and  weather  data  are  shown  in  Tables  2.20  and  2.21. 

2.6  SHOT  HE-6  (Xn=0.22) 

At  0800  PST  on  2  October  1951,  shot  HE-6  consisting  of  2560 
pounds  of  TNT  v/as  fired.  As  in  previous  shots,  a  considerable  throw-ou 
out  was  noted  in  the  initial  phases.  A  number  of  six  to  ten  inch  bould¬ 
ers  was  found  up  to  200  feet  from  the  crater.  A  careful  examination  of 
the  photographic  records  vail  be  required  to  differentiate  the  degree 
of  throw-out  between  shots  HE-5  and  HE-6*.  The  dust  column  rose  to 
between  600  and  700  feet  in  the  first  10  to  15  seconds.  At  eight  sec¬ 
onds  after  the  detonation  a  base  surge  v/as  observed  through  the  throw- 
out.  This  surge  was  of  less  magnitude  than  those  previously  produced. 
The  actual  travel,  as  a  base  surge,  v/as  something  over  500  feet  which 
was  reached  in  50  seconds.  The  ultimate  height,  as  a  base  surge  cloud, 
was  about  200  feet.  The  central  plume  remained  above  the  base  3urge. 

A  horizontal  shear  was  noted  at  an  altitude  of  approximately  450  feet 
v/ith  the  surge  cloud  moving  in  one  direction  and  the  top  of  the  plume 
in  another.. 

Camera  stations  were  placed  5,000  feet  east  and  5,000  feet  south 
of  the  center  point  of  the  explosion  area. 

#  This  information  is  reported  in  tho  report  of  JAIIGIE  Project  1(9) -4. 
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>-c  -0.30.  Earth  Over  Charge  =  2.0  Feet. 

All  Values  Are  in  Feet.  Minus  Indicates  Above  Grade 


aTerrperature  at  Ground  Level  -  56°  F.  Relative  Humidity  at  Ground  Level 
was  51^. 


TABLE  2.22 


^Temperature  at  Ground  Level  -  5U°  F.  Relative  Humidity  at  Ground  Level 
was  51^. 

^Expressed  in  feet  above  ground  surface. 
c360°  =  N,  90°  =  E. 

^Expressed  in  miles  per  hour. 
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HE- 6  was  fired  75  feet  N  23°  V  of  the  center  of  the  explosion 

area. 

Camera  targets  consisting  of  boards  S  feet  square  having  alter¬ 
nating  two  feet  squares  were  placed  on  lines  through  the  center  of 
the  explosion  area  and  at  right  angles  to  the  line  of  canera  sight  as 
fellows:  1,000  feat  north,  vest  and  east;  1615  feet  south. 

’.'feather  and  crater  data  are  given  in  Tables  2.22  and  2.23. 

2.7  SHOT  HE-7  (Xe=0.19) 

At  0700  PST  on  4  October  1951,  shot  HE-7  was  fired.  A  large 
column  of  dust  was  thrown  more  than  1,000  feet  in  the  air.  At  20 
seconds  after  the  detonation  there  was  a  feeble  indication  of  a  base 
3urge  in  the  throw-out  area  at  the  bottom  of  the  column.  The  top  of 
the  plane  started  moving  with  the  wind  and  at  3  minutes  after  zero 
time  had  drifted  5,000  feet  with  the  wind.  One  hour  after  the  shot 
the  remains  of  the  dust  cloud  v/ere  still  visible  five  to  six  miles  to 
the  southwest. 

Camera  stations  viere  placed  5,000  feet  east  and  5.,0b0  feet  south 
of  the  center  point  of  the  explosion  area. 

HE-7,  2560  pounds  of  TAT,  was  fired  150  feet  west  of  the  center 
of  the  explosion  area. 

Canera  targets  consisting  of  boards  8  feet  square  having  alter¬ 
nating  two  feet  squares  were  placed  on  lines  through  the  center  of 
the  explosion. area  and  at  right  angles  to  the  line  of  camera  sight 
as  follows:  1,000  feet  north,  south,  east  and  west,, 

Grater  and  weather  data  are  given  in  Tables  2.24  and  2.25. 

The  base  surge  formation  from  shot  HE-7  was  so  slight  that  it 
was  not  considered  necessary  to  fire  any  additional  shots  to  confirm 
the  curve  given  in  Figure  1.1. 

2.G  SHOT  HE-S  (Xc-0.18) 

At  0700  PST  on  13  October  1951,  shot  HE-3  was  fired.  The  TUT 
was  an  assembly  of  216  pounds  while  the  Fentclite  weighed  177  pounds. 
(See  Figures  3.1  and  3.2.)  The  Pentolite  explosion  was  of  high  order, 
sending  a  slender  column  of  smoke  and  dust  high  into  the  air  and  pro¬ 
ducing  a  magnificent  smoke  ring.  A  finer  base  surge  was  formed  which, 
to  observers,  appeared  similar  to  that  produced  by  shot  HE- 6  w-*th  X  c  = 
0.22.  The  priming  was  not  adequate  on  the  TAT  portion  of  the  test 
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TABLE  2.25 


Weather  Data,  Shot  HE-?3 


Altitude15 

0655 

TIMS  - 

0705  S 

Wind0 

Direction 

Wind4* 

Velocity 

mmmm 

SSSH 

Calm 

Calm 

Calm 

Calm 

1170 

010 

13 

020 

13 

2310 

020 

15 

020 

15 

3450 

020 

15 

.020 

15 

4560 

020 

15 

010 

15 

5670 

020 

11 

020 

8 

6750 

020 

7 

030 

3 

7 830 

340 

6 

300 

5 

8910 

320 

8 

280 

10 

996C 

270 

16 

11,010 

270 

24 

12,030 

280 

28 

13,020 

280 

31 

14,010 

280 

42 

15,000 

280 

50 

temperature  at  Ground  Level  -  56°  F.  Relative  Humidity  -  4 6%, 


TABLE  2.26 


Weather  Data,  Shot  HE-8P- 


~ — - — -  "  '  '  -  - "  - - 

TIME  - 

0655 

TIME  - 

-  0705 

. Altitude 

Wind0 

Wind  d 

Wind0 

Windu 

Direction 

Velocity 

Direction 

Velocity 

Surface 

140 

3 

080 

6 

720 

on 

7 

010 

7 

1380 

020 

14 

010 

12 

2040 

030 

15 

020 

12 

2670 

050 

10 

050 

11 

3300 

09 0 

10 

040 

11 

3700 

050 

8 

050 

11 

temperature  at  Ground  Level  -  5(?  F.  Relative  Humidity 
“Expressed  in  feet  above  ground  surface. 

?36CP  =  N,  90°  =  E. 

“Expressed  in  miles  per  hour. 
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TABLE  2.27 

Crater  Data,  Shot  HE-8  (Fentolite) 


From  North  to  South 


From  East  to  Y/est 


Radial 

Distance 

Apparent 

Depth 

Real 

Depth 

Radial 

Distance 

Apparent 

Depth 

Real 

Depth 

24.0 

.  0 

0 

23.0 

0 

0 

15.5 

-0.3 

0,1 

16.1 

—0.1 

0.1 

13.0 

-0.8 

C.9 

12.1 

-0.3 

0.1 

11.2 

-1.0 

1.7 

10.7 

-0.9 

1.7 

8.4 

0.6 

2.2 

8.5 

0 

2.7 

5.1 

2.3 

3.4 

5.5 

1.9 

3.7 

4.0 

2.6 

3.8 

4.1 

2;7 

3.8 

1.6 

3.3 

3.6 

3.1 

2.8 

3.5 

0 

3.3 

4.3 

1.6 

3.2 

3.7 

2.0 

3.1 

4.3 

0 

3.2 

4.3 

3.0 

2.8 

4.0 

1.8 

3.4 

4.5 

6.3 

0.9 

3.0 

4.0 

2.6 

4.2 

8.5 

0.1 

3.3 

5.3 

2.3 

4.2 

10.9 

-0.8 

2.8 

7.5 

0.6 

3.1 

13.2 

-0.1 

0.3 

9.3 

-0.5 

2.6 

19.0 

0 

0 

10.5 

-0.7 

2.2 

14.7 

-0.3 

0.6 

22.8 

0 

0 
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and  explosion  of  roughly  one  half  of  the  charge  resulted.  Weather  data 
will  be  found  in  Table  2.26.  The  TNT  crater  was  not  measured  but  data 
on  the  Pentolite  crater  will  be  found  in  Table  2.27. 

For  shot  HE-8,  the  center  point  of  the  area  was  moved  1,000  feet 
south  of  the  center  of  the  area  used  for  shots  HE-5,  6,  and  7. 

Shot  HE-8  (TNT)  was  fired  100  feet  east  of  the  center  of  the  ex¬ 
plosion  area  and  shot  HF.-3  (Pentolite)  was  fired  100  feet  west  of  the 
center  of  the  explosion  area. 

One  camera  station  was  placed  4,000  feet  south  of  the  center  point 
of  the  area.  The  camera  targets  (same  type  as  used  for  HE-5,  6  and  7) 
were  located  on  an  teast-west  line  at  right  angles  to  the  line  of 
camera  sight  as  follows:  500  feet  east,  center,  and  500  feet  west. 

2.9  SHOT  HE-9  (X„»0.14) 

At  0705  PST  on  14  October  1951,  shot  HE-9  was  fired.  Both  Pento¬ 
lite  and  TNT  produced  high  order  explosions.  The  above  ground  activ¬ 
ity  appeared  similar  for  both  explosions.  A  considerable  throw-out 
was  noted  which  produced  a  cloud  around  the  base  of  the  plume.  The 
cloud  had  some  expansion  and  a  careful  examination  of  the  photographic 
records  will  be  required  to  determine  if  there  was  any  base  surge  con¬ 
tribution,  (Refer  to  JANGLE  Report  1(9)  -  4,  "Base  Surge  Analysis  for 
HE  Tests".)  It  is  certain  that  a  large  plume  remained  above  the  base 
activity.  Crater  and  weather  data  are  given  in  Table  2.28,  2.29  and 
2.30. 

Shot  HE-9  was  fired  in  the  same  explosion  area  used  for  KE-8. 

Shot  HE-9  (TNT)  was  fired  200  feet  east  of  the  center  of  the  ex¬ 
plosion  area  and  shot  HE-9  (Pentolite)  was  fired  200  feet  west  of  the 
center  of  the  explosion  area. 

One  camera  station  was  placed  4,000  feet  south  of  the  center  point 
of  the  area. 


The  camera  targets  (same  type  as  used  for  HE-5  through  HE-8)  were 
located  on  an  east  -  west  line  at  right  angles  to  the  line  of  camera 
si$it  as  follows:  500  feet  east,  center,  and  500  feet  west. 


2.10  SH0THE-10 


At  1130  PST  on  14  October  1951,  shot  HE-10  was  fired.  Both  the 
Pentolite  and  TNT  produced  high  order  explosions.  A  massive  base 
3urge  was  produced  by  each  explosion.  The  TNT  produced  what  was 
virtually  100  per  cent  base  surge  just  as  it  was  in  shot  HE-3.  Some 
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From  North  to  South 

Radial 

Distance 

Apparent 

Depth 

Real 

Depth 

.  TABLE  2.23 

Crater  Data,  Shot  HE-9  (Pentolite) 


From  East  to  West 


Radial 

Distance 


18.6 

12.4 

10.2 

8.0 

3.9 

1.0 

0 

1.4 
4.0 

6.4 
10.7 

11.8 

16.0 


Apparent 

Depth 


Real 

Depth 
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TABLE  2.30 

Weather  Data,  Shot  HE-9a 


TIME  -  0700 

TIME 

-  0710 

Wind® 

Direction 

Windd 

Velocity 

Wind® 

Direction 

Wind4 

Velocity 

Surface 

720 

1380 

2040 

2670 

3300 

3900 

4500 

5100 


Temperature  at  Ground  Level  -  48°  7. 
Relative  Humidity  at  Ground  Level  -  62%. 


TABLE  2.31 


Weather  Lata,  Shot  HE-IO8, 


TIME  -  1128 

TIME 

-  1133 

Wind0 

Direction 

Wind4 

Velocity 

Wind0 

Direction 

Wind4 

Velocity 

Surface 

720 

1380 

2040 

2670 

3300 

3900 

4500 

5100 


*  Temperature  at  Ground  Level  68°  7. 

Relative  Humidity  at  Ground  Level  -  55%. 
^  Jbqpreased  in  feet  above  ground  surface, 
o  360°  *  N,  90°  -  E. 

4  Expressed  in  miles  per  hour. 
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TABLE  2.32 

4  * 

Crater  Data,  Shot  HE-10  (Pentolite) 

Radial 

Distance 


22.0 

16.2 

13.2 

12.1 

9.7 

8.6 

6.3 

5.6 

3.° 

2.1 


From  North  to  South 


Apparent 

Depth 


Real  Radial 
Depth  Distance 


From  East  to  Vie st 


Apparent  Real 

Depth  Depth 


21.3 


0 


0 
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TABIE  2.33 


Crater  Data,  Slot  HE-10  (TOT) 


Flora  North  to  South 

From  East  to  T/est 

Radial 

Apparent 

Real 

Radial 

Apparent 

Real 

Distance 

Depth 

Depth 

Distance 

Depth 

Depth 

22.0 

0 

0 

21,2 

0 

0 

16.2 

-0.2 

0.3 

19.0 

-0.5 

0.2 

12.9 

-0.8 

3.0 

16.9 

-0.5 

1.9 

12.0 

-0.7 

3.0 

13.0 

-0.5 

2.5 

6.6 

2.6 

4.1 

6.8 

2.9 

3.5 

2.5 

4.7 

5.9 

5.6 

3.0 

4.9 

0 

5.5 

6.3 

1.8 

5.0 

5.6 

1.7 

5.1 

6.1 

rs 

V 

5.5 

6.3 

7.2 

3.3 

3,6 

1.4 

4.9 

6.4 

11.6 

0.5 

'  3.5 

6.1 

2.7 

3.5 

12.8 

-0.8 

2.6 

10.5 

0.7 

2,9 

17,2 

-0.1 

0.2 

12.1 

-0.8 

2.4 

26.5 

0 

0 

13.3 

-1.2 

1.8 

16.8 

-0.5 

0.3 

24.0 

0 

0 
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minor  plume  remained,  in  the  air  above  the  Fentolite  base  surge.  The 
contribution  to  the  surge  was  estimated  by  observers  to  be  greater 
than  that  produced  on  HE- 5  with ^ c=0.3.  Weather  ahri  crater  data  are 
given  in  Tables  2.31,  2.32  and  2.33. 

Shot  HE-10  was  fired  in  the  same  explosion  area  used  for  shots 
HE-8  and  9» 

Shot  HE-10  (TNT)  vfas  fired  450  feet  east  of  the  center  of  the 
explosion  area.  Shot  HE-10  (Pentolite)  was  fired  450  feet  west  of 
the  center  of  the  explosion  area. 

One  camera  station  was  placed  4,000  feet  south  of  the  center  of 
the  area. 

The  camera  targets  (same  type  as  used  for  HE-5  through  HE-9) 
were  located  on  an  east  -  west  line  at  right  angles  to  the  line  of 
camera  sight  as  follows:  500  feet  east,  center,  and  500  feet  west. 
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SECTION  3 

RESULTS 


3.1  RELATIVE  GROUND  ACTIVITY  PRODUCED  BY  TNT  AND  PENTOLITE 


One  is  inclined  toward  a  tentative  conclusion  that  there  is  little 
difference  in  the  above  ground  activity  produced  by  TNT  and  by  PenJto- 
lite,  which  occupied  76  per  cent  of  the  TNT  volume  (VTNT  =3823  inland 
Vp  =  2936  in^),  when  both  explosives  were  fired  witri  the  center  of 
gravity  at  the  same  depth. 


3.2  EFFECTS  OF  SIZE  OF  CHARGE 

Since  the  nuclear  explosion  vail  present  virtually  a  point  source 
when  compared  to  the  equivalent  energy  of  a  34  foot  diameter  ball  of 
TNT,  an  investigation  of  the  effect  of  size  was  conducted.  Three  si¬ 
multaneous  explosions  of  216  pounds  of  TNT  and  the  equivalent  energy 
in  177  pounds  of  Pentolite  were  conducted  as  shov/n  in  Table  3.1. 

TABLE  3.1 

Relative  Energy  of  Pentolite  and  TNT 


Shot 

Depth  to 
c.g.  (inches) 

c 

Earth  Cover  Over  Charge  Cinches) 

TNT 

Pentolite 

HE-8 

13 

0.18 

3 

4-1/8 

HE-9 

10 

0.14 

0 

1-1/8 

HE-10 

36 

0.5 

26 

27-1/8 

The  TNT  charge  was  built  up  with  1,  5,  20  and  100  pound  blocks  as  shown 
in  Figure  3.1.  The  vertical  dimension  of  the  charge  was  20  inches. 

The  Pentolite  charge  was  made  up  of  two  hemispheres  having  diameters 
of  17  and  3/4  inches  as  shown  in  Figure  3.2 

3.3  OBSERVING  AND  RECORDING  DATA 

All  information  on  the  above  ground  action  is  based  on  eye  witness 
observations  and  is  subject  to  modifications  based  on  careful  analysis 
of  the  photographic  data.  Some  comparative  photographs  of  base  surge 
formation  are  shown  in  Figures  3.3  through  3.12.  The  Sandia  Corpora- 
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Jig.  3.X  216  Pound.  TST  Asaeabjy 


Tig.  3.2  177  Pound  Pentolite  Sphere 
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Fig*  3,5  RE-3*  Tim  plus  10  anooods.  Fig.  3,6  HE-2.  Tina  plan  10 


SEGRti 

Security  lafonaitioa 


RESTRICTED  DATA 

ATOMIC  ENERGY  ACT  1046 


SECRET 

Smrtty  lifmtiM 

PROJECT  1(9) -3 


m'rWmC  ”•'  -In  .. :  , 

wv  »,  1“~  *  ■  o’lli-  >^»  “.  •  •  liZL 

.W^...v,--?%^"'rt;  ?  v 


yt  • 


*«**.  nv~  ; 


N  -& 
■■■*  ■  ?> 
i 


•4%  ->'?*. ' 

r  .7  v*'*** 


~  -5?  -  W  •-/*  > 

istJ&'rh..'*  *>,-' 


',  -|  r ' 

.:-;  t  ‘  •• 

5  :  • 


RESTRICTED  DATA 

ATOMIC  ENERGY  ACT  1940 


-  44  * 

SECRET 

Stcvttj  loforsutlN 


J1 

j;3 

\*£  3 

iVa  /  c 

S-i3 

o  -1  '*'  r 

?  I 


*%i  ■  t 
$■  >:.  ■  ?! 
<V  ,,•  -  .V 

y*  I  .*i 


r-  a 


IIS'S 

Sg 

•  ©3 

I  m2 

o  S  * 

•  IB  O  4> 


•  *»  O  4> 

••al 

s^ap 

afUs 


|[Jj5 

8.53<8 


t*T  o  g)i 

liili 


•  *  • 

11  s 

8  ••go 

®  M  a  -h 

C  49 

3  STk<§ 


jlfl* 

as°a3 

« .§,§■§ 

£A§1S 


SECRET 

SKtrtty  liftnuta 

PROJECT  1(9) -3 

tlon,  through.  Program  Pour,  has  been  requested  to  make  measurements*  fro* 
the  35ma  motion  pictures  of  the  various  HS  shots  as  follows : 

a*  Sate  of  rise  of  plume.  Bate  of  descent  iato  base  surge, 
b*  Diameter  of  plume,  at  several  elevatioas,  as  a  fuactioa  of  tiae. 

c.  Tlae  aad  locatioa  of  first  appearance  of  base  surge. 

d.  Radial  travel  of  base  surge  as  a  fuactioa  of  time. 

e.  Height  of  base  surge  as  a  fuactioa  of  tiae  and  distance. 

f.  from  aerial  pictures  of  Shot  EE- 3,  determine  shape  aad  volume  ef 
base  surge  as  a  function  of  time. 

3.4  BEHAVIOR  OP  BASS  SUBSE  ASP  CRATER  SIZE  P5EH0MBHA 

lacking  the  photographic  analysis,  it  is  possible  only  to  make  some 
rough  estimations  as  to  the  mechanism  producing  the  base  surge  aad  what 
can  be  predicted  to  occur  during  the  nuclear  tests.  It  is  certain  that 
some  minimum  density  of  soil  is  required  in  the  plume  in  order  to  produce 
the  downward  sweep  of  dust  which,  at  ground  level,  moves  outward  as  the 
base  surge.  The  density  is  produced  by  blowing  a  large  volume  of  earth  a 
relatively  short  distance  up  into  the  air.  The  closer  the  charge  to  the 
surface  (smaller  values  of  >*c),  the  smaller  the  crater  aad  greater  the 
height  of  plume,  hence,  lower  density  aad  Iosb  base  surge  contribution. 
Average  crater  contours  are  given  in  Jigures  3.13  through  3.17  and  are 
summarized  in  Tables  3.1  and  3.2.  It  is  known  from  the  work  of  Dr.  Curtis 
lampoon  and  others  that  a  large  number  of  tests  are  required  to  obtain 
data  that  is  good  to  within  35  per  cent,  therefore,  only  generalities  can 
be  obtained  from  this  crater  data. 

Crater  radii  a lay  be  calculated  from  the  following  equation} 

H  s  1,3  0  Jfi  k1/12  (3.3-1)2 

Where 

R  =  the  radius  in  feet 
0  =  0.4  (for X c  =  0,135)® 

k  s  11,000  (for  a  seismic  velocity  of  4,000  feet  per  second) 

A  comparison  of  calculated  and  observed  values  of  radii  is  given  In 
Table  3.2  aad  is  plotted  in  Pigures  3.18  and  3.19.  It  will  be  noted  that 
there  is  some  difference  between  the  values  of  the  crater  radius  as  cal¬ 
culated,  extrapolated  from  observed  data,  and  that  previously  predicted  in 
the  WIHDSTQSH  Handbook.  A  plot  of  crater  depth  and  lip  height  is  given  in 
Jigure  3.20. 

*This  analysis  is  reported  in  Project  l(9)-4 

„The  Effects  of  Atomic  Weapons,  Washington,  GPO,  June  1950,  App,  B,  p.  421, 
ZIbid„  Jigure  B29,  p.  421. 
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TABLE  3.2 


Comparative  Crater  Data 


2560  Pounds  of  TNT  (W1/3  -13.68) 

Depth 

to 

c.g. 

(inches) 

Cover 

Over 

Charge 

(inches) 

1 

Crater  Volume  (Ft3) 

Crater  Depth 
(Feet)  - 

Apparent 
Crater 
Radius 
(Feet)  d 

Apparent 

a 

Real 

Fall  Back 
b 

Real 

c 

Apparent 

c 

24 

0 

0.15 

2200 

4100 

3200 

6=8 

7.6 

18.4 

30 

6 

0.19 

3300 

6180 

5400 

6.7 

8.6 

19.0 

36 

12 

0.22 

3600 

8800 

7200 

6.1 

10.1 

19.8 

48 

24 

0.30 

4000 

8700 

7000 

7.5 

9.5 

19.4 

81.6 

57.6 

0.50 

6000 

7600 

3000 

10.8 

11.0 

19.8 

216  Pounds  of  TNT  and  177  Pounds  of  Pentolite® 


Depth  (inches) 

Xc 

Crater  Volume  (Ft3) 

Crat 
_ ( 

-er  Depth 
Feet) 

Apparent 
Crater 
Radius 
(Feet)  d 

Charge 

c.g. 

Top  of 
Charge 

Apparent 

a 

Real 

Fall  Back 
b 

Apparent 

c 

P 

10 

1-1/8 

0.14 

290 

1310 

1020 

4.0 

8.6 

TNT 

10 

0 

0.14 

CM 

1120 

980 

4.0 

8;  3 

P 

13 

4-1/8 

0.18 

380 

1310 

1130 

8.7 

P 

36 

27-1/8 

0.5 

520 

1460 

1330 

9.6 

TOT 

36 

26 

0.5 

860 

2600 

1370 

5.5 

11.3 

a  =  Volume  below  original  ground  level. 

b  -  Difference  between  real  and  apparent  crater  volume  plus  lip  volume, 
c  *  Depth  from  original  ground  level, 
d  3  Radius  at  original  ground  level, 
e  «*.  s  6 
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TABLE  3.3 

Observed  and  Calculated  Crater  Radii 


w 

wV3 

216 

6 

2560 

13.7 

40000 

34.2 

1  KT 

126 

Radius 

in  Feet 

Calculated 

Observed 

6.a 

15.5 

38.5 
15<r 


X-  =  0.135 
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bbBbb bbbbB bbbbb bbbbbbbbbb bbbbb bbbUI  ..  .. _  _ 

BBBBB  BBBBI  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  B£BBBI 

8BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBB^BB 
IBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  aHHHB 
BBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBB  BBBBBi  BBBBB! 

BBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBB  BBBBB  BBBBB  BBBBBBBBBB! 

BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBfliHI _ 

BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBBi^B 
BBBBBBBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB! 

■  BBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB —Bi  I 
BBBBB  BBBBB  BBBBB  BBBBBBBBBBBBBBBBBBBB  BBBBB  BBBBBBBBBB  BBBBB  B— Bl 
BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBB BBBBB! 
BBBBBBBBBBBBBBBBBBBB  BBBBBBBBBBBBBBB  BBBgB  BBBBBBBBBBBBBBB—— 

BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBBI 
BBBBB  iBBBBBBBBBBB  BBBBBBBBBB  BBB  BBBBBBBBBB  BBBBB  BBBBB  BBBBB  BBBBBI 
BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBBI 
BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBBI 
■IBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB BBBBfi  BBBBB  BBBBB  BBBBB  I 
jjSBBBBBBBBBBBBBBBBBiBBBBBBBBBBBBBB  BBBBB  BBBBj  BBBBB  BBBBB  BBBB»j 

I IMgBBBBBlIBBBaBmBBBBBa  BBBBB  BBBBB  IHIBBBIMBg BBBBB  jBggSgBBBBaBfii^^^^^^J 

Ibbbbb  bubb  bbbbb  ragaS  bbbbb  bbbbb  bbbbb  bbbbb  bubb  bbbbb 

■■BBBII BUBII  BBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBB  BBBBB  BBBBB  IM  . 

Ibbbbb  BBBBB  BBBBB  BBBBB BBBBB BBBBBBBBBB  BBBBB  BBBBBBBBBB  BBBBB  BBBBBBB 

Ibbbbb  bbbbb  bbbbb  bbbbb  bbbbb  bbbbb  bbbbb  bbbbb  bbw  bbbbb  u 

■— BBPBM!  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  B— BBBBB  j 

BBBBBBBBBB  BBBBBBBBBBBB  BBB  BBBBB  BBBBB  BBBBB  H 
IBBBBB  BBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBBBBBBBBBBBB  BBBBB  BBBBBBB 
Ibbbbb  BBBBBBBBBB  flBBBBBBBBB  BBBBB  BBBBMMMMMliiiiBBBBBaBMd 

I  BBBBB  BBB  BBBBBBB  BBBBB  BBBBB  BBBBB  BBBbI 

■m  bbbbb  bbbbb  bbbbb  bwbbb  Bunainfl 

BBBBBBB  BBBBB  BBBBBBBBBB  bObB  BBBBB  BBBBBBBBBB  BBBBBBiM 

Ibbbbb Bias  bbbbb  bbbbb  bbbSI  bbbbb  bbbbb  BiBawani  gnu  boBIBBI 
■BBBB^BBBBBBBBBBBBB  bbbbbbbbbb  BBBBBBBBBB  BBBBB  bbbbb  bbbbbbbbbb! 
jBBB BBbbbbbbbb bb—b bbbbb bbbbb bbbbb bbbbbSbbbb bbBbb bbbbb bbbbb a 

SbBBBBBBB  BBBBBBBBBB  BMW  BBBBBBBBBB  BBBBB  BBBBB  BBBl^^^^^^^M 
PHlBBB BBBBB BBBBB BBBBB BBBBBBBBBB BBBBBBBBBB BBBBB BBBI 
IBBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBB BBBBBBBBBB BBB| 

BMMflflflBBBBIBBBB  BBBBB  BBBBBBBBBB  BBBBBBBBBB 

■tBBB BBBBB  BBBBB  BBBBB  BBBBB BBBBBBBBBB M 
■  IBB  BBBBBI  *  ^BBBlH 

BBBBB  BBBBB  BBBBI  BBBBB  BBBBB  BBBBI  BB  BBBBBBBB  BBBBB  BBBBBBBBBB^H 
BBBBB BBBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBI 
bbbbbbbbbbbjibbbbbbbbbbbbbbbbbbbbbbbbbbbb bbbbbbbbbb bbbbbbbbbbbbbbbi 
bbbbbbbbbbbbbbb bbbbb bbbbb bbbbbbbbbbbbbbb bbbbbbbbbb bbbbb bbbbb bbbbbi 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB  BBBBBI— 

BBBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB I 
BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBB BBBBB BBBBB !■■■■■ 

BBBBB BBBBBBBBBB BBBBI BBBBBBBBBB BBBBBBBBBB BBBBB BBBBB BBBBB I 
BBBBB  BBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBBBB  BBB  BBBBB  BBBBB  BBBBBi 
Bl  B  BB  BBBBB  *****  I B  BUM  BBB  ■■  BBBBI  BB  BBB  BWBBB  BBBBI  BBBBB  I 
BB BBB BBBBB BBBBB BBBBBBBBBB BBBBB BBBBBBBBBB BBBBB BBBBB bH  . : 

BBBBB BBBBB BBBBB BBBBBBBBBBBBBBBBBBBBBBBBB BBBBB BBBBB BBBBB BBBBBBI 
BBMBPBBBB BBBBB BBBBB BBBBB BBB BBBBBBB BBBBB BBBBBBBBBB BBBBBBB BBBBI 
iBBBiBBBBaBBBBBBBBBB  BBBBBBBBBBBBBBB  BBBBBBBBBBBBBBB  BBBiiH 
IBBBBBBBBBB  BBBBB  BBBBBBBBBB  BBBBBBBBBBBBBBB  BBBBB  BBBBBBBBBB  BBBBB  !■ 
■MMBBBBBBBBBBflBBBBIB  BBB  IBBBtt  Bl  aBiaiBaiBBIBB  BBBBBBB  §■ 

I |MHMBBBBBBBIBaBBBIIBBBBBBBBBBIIBBBI  BBBBB  BBBBBBBBBB  BBBBBBBSBBBB&BBj 
IBBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB I 
I  BBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBB 


Pig.  3.15  Average  Crater  Contours  for  i.0,000  Pounds  of  TNT  in  Shot  HE-2 
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Pig.  3.16  Average  Crater  Contours  for  216  Pounds  of  TOT  and  177  Pound® 
of  Pentolite  in  Shots  HE-8  (P),  HE-9  (P)  and  HB-9  (TNT) 
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Fig,  3.17  Average  Crater  Contours  for  216  Pounds  of  TNT  and  177  Pounds 
of  Pentolite  in  Shots  HE-10  (P)  and  HE-10  (TNT) 
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Fig.  3.19  Calculated  and  Observed  Values  of  Crater  Radius  for  Charge  CO  at  Surface 


Crater  Depth  end  Height  of  Lip  f<» t*  Charge  CG  Underground 
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'  ,  '  .!  SECTION  4 

CONCLUSIONS  AND  RECOMMENDATIONS 

4.1  GENERAL 

From,  the  information  presents  herein,  the  interested  reader  can 
form  hi 8  ora  opinion  as  to  what  can  be  anticipated  from  the  nuclear 
tests.  The  phenomenology  is  so  complex  that  limited  tests,  based 
primarily  on  eye  witness  observations,  cannot  lead  to  any  clear  cut 
set  of  conclusions.  However,  the  following  guesses  are  the  best  that 
the  writer  can  make. 


4.2  SURFACE  NUCLEAR  SHOT 


a. 

b. 


c. 


A  base  surge  appears  very  unlikely. 

There  will  be  a  good  sized  cloud  produced  at  ground  level 
by  the  passage  of  the  air  blast  wave  which  may  be  mistaken 
for  a  base  surge. 

Crater  Radius  80-90  feet 

Crater  Depth  25-30  feet 

Crater  Area  25,000  feet2 

Crater  Volume  25,000  cubic  yards 

Up  Radius  170  feet 

Up  Height  7  feet 

Maximum  Altitude  of  Cloud  12,000  feet 


4.3  UNDERGROUND  NUCLEAR  SHOT 


a.  There  will  be  a  considerable  throw-out  at  the  base  of  the 
plume  which  may  be  mistaken  for  a  base  surge. 

b.  The  probability  of  a  base  surge  appears  very  small.  If  a 
base  surge  forms  the  magnitude  will  be  small. 

c.  A  ground  level  dirt  cloud  will  be  produced  by  the  air  blast 
wave  but  wall  probably  not  cause  as  much  interference  with 
photography  as  that  which  occurred  at  GREENHOUSE. 

d.  Crater  Radius  140-1 50 

Crater  Depth  50- &  feet 

Crater  Area  60,000  feet2 

Crater  Volume  60,000  cubic  yards 

Up  Radius  375  feet 

Up  Height  14  feet 

Maximum  Altitude  of  Cloud  6,000  feet 

e.  Since  it  is  an  observed  fact  that  the  crater  diameter  is  a 


RESTRICTED  DATA 

ATOMIC  ENERGY  ACT  1944 


-  56  - 

SECRET 

tartty  ItfoRUtiM 


SECRET 

Sicartty  tataattiM 
PROJECT  1(9)— 3 

readily  scaled  parameter  for  underground  TNT  explosions, 
then  the  immediate  observation  (photographic  or  othervdse) 
of  the  underground  crater  diameter  may  be  a  simple  and  re¬ 
liable  method  for  determining  equivalent  INT  mechanical  yield 
of  the  nuclear  weapon. 

4.4  RECOMMEM) ATIONS 

Of  Course,  if  predictions  were  always  right  there  would  be  no 
need  for  experimental  programs  and  field  teats.  The  writer  is  inclined 
to  believe  that  the  firing  of  one  underground  and  one  surface  atomic 
weapon  will  not  give  sufficient  information  on  which  to  make  reli¬ 
able  predictions  for  either  offensive  or  defensive  planning.  A  large 
number  of  well  planned  HE  tests,  all  required  to  lead  into  a  smaller 
number  of  nuclear  tests,  are  necessary  in  order  to  produce  reliable 
results. 
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Flf*  4*1  Crater  from  Shot  HE-4.  On  a  a**ll  scale, 

is  probably  an  indication  of  tha  crater 

on  the  Str face  Shot. 


Pif.  k. 2  Crater  fro*  Shot  EE-2.  The  ttaUrground  Shot 
will  probably  be  very  similar  ’«dth  the  dia- 
■eter  increased  3  l/3  tines* 
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